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(54) Method of descrambling scrambled data using a scramble pattern and scramble pattern 
generator 



(57) A descrambling method suitable for improving 
the data transfer rate and fast data processing is 
described. Scrambled data is separated into a plurality 
of data groups each including plural pieces of scram- 
bled unit data. Initial scramble patterns are respectively 
assigned to the data groups. The method includes the 
steps of: (a) preparing an initial scramble pattern 
assigned to a specific data group; (b) generating a first 
scramble pattern by one clock cycle using the prepared 
initial scramble pattern; (c) preparing one of the scram- 
bled unit data pieces in the specific data group; and (d) 
performing a descrambling operation using the first 
scramble pattern and the prepared one scrambled unit 
data piece to produce an original data piece. 
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Description 

The present invention generally relates to a method 
of descrambling scrambled data using a scramble pat- 
tern. More particularly, this invention relates to a method s 
of descrambling scrambled data recorded on a record- 
ing medium in a disk apparatus, and a circuit for gener- 
ating a scramble pattern. 

Since digital video disk (DVD) media promise large- 
capacity, individual makers are trying to develop DVD 10 
systems. Recently, enthusiastic efforts have been, and 
are being, made to standardize the DVD specifications. 

Figure 1 presents a flow diagram showing a data 
demodulating process in a DVD drive designed exclu- 
sively to read data A disk 1 00 has data recording tracks 75 
arranged in a spiral form. Physical sector data is 
recorded on each track in a sector by sector manner. 
Physical sector data read from the disk 1 00 is subjected 
to EFM (Eight to Fourteen Modulation) Plus demodula- 
tion to yield recorded sector data 101. The recorded 20 
sector data 101 includes plural pieces of sector data 
102, plural pieces of first error correction code (ECC) 
data PI affixed to the individual data of rows in the sec- 
tor data 102. and plural pieces of second error correc- 
tion code data PO affixed to the individual column data 25 
in the sector data 102. The data are recorded on the 
disk 100 in the order of the sector data 102, the first 
error correction codes PI and the second error correc- 
tion codes PO. 

Sixteen pieces of sector data 1 02, sixteen first error 30 
correction codes Pi and sixteen second error correction 
codes PO are grouped in the recording order, thus yield- 
ing ECC-affixed data 103. Sixteen pieces of sector data 
102 form one block. 

Error correction is performed on one block of sector 35 
data 102 using the first error correction codes PI. Then, 
error correction is performed on one block of sector data 
1 02 using the second error correction codes PO. In this 
manner, sixteen pieces of scrambled data 104 are gen- 
erated. Each scrambled data 104 is data generated by 40 
performing an exclusive OR operation on the original 
data and a scramble pattern. 

To generate sixteen pieces of original sector data 
1 05, an exclusive OR operation on each piece of scram- 
bled data 104 and a scramble pattern used for the gen- 45 
eration of each scrambled data 104. or descrambling, is 
executed. 

As shown in Figure 2, sector data 105 includes 
main data of 2046 (2K) bytes, 4-byte identification data 
ID, a 2-byte error correction code IEC for the identif ica- so 
tion data ID and a 6-byte reserve area RSV, all of the lat- 
ter three being affixed to the front portion of the main 
data. The sector data 105 further includes a 4-byte error 
correction code EDC, which is affixed to the end portion 
of the main data to detect an error in the main data. The 55 
identification data ID includes a 1-byte sector informa- 
tion field and a 3-byte sector number field. 

Figure 3 shows a conventional scramble pattern 



generator 110 which is used to descramble scrambled 
data. The scramble pattern generator 110 includes a 
feedback type shift register 1 1 1 of fifteen bits b1 4 to bO. 
and an exclusive OR (EOR) gate 112. 

The EOR gate 112 receives the logic values of the 
bits b14 and blO and performs an exclusive OR opera- 
tion thereon. The resultant logic value is supplied to the 
bit bO. The shift register 111 receives an initial scramble 
pattern in response to the first pulse of a clock CK. The 
shift register 1 1 1 further successively shifts the logic 
values of the bits b13-b0 to the adjoining bits bl4-bl, 
respectively, every time each pulse of the clock CK is 
input The shift register 111 receives the output logic 
value of the EOR gate 1 12 at its bit bO and outputs the 
logic values of the bits b7-b0 as an 8-bit scramble value 
SK for every eight pulses of the clock CK. 

As shown in Figure 4, the initial value of a scramble 
pattern is determined by the ID value of the bits b7-b4. 
which is assigned to the sector number field of the iden- 
tification data ID. That is. one initial pattern is assigned 
to one block formed by sixteen data sectors. When the 
ID value "0(h)" ((h): a hexadecimal notation) of the bits 
b7-b4 is assigned to the sector number field, for exam- 
ple, in the first block, the initial scramble pattern 
"0001(h)" is determined. At this time. 
00000000000001(2) ((2): a binary notation) is set in the 
bits b14-b0 of the shift register 111. Accordingly, the 
logic value 00000001 (2) of the bits b7-b0 is output as 
the initial 8-bit scramble value SK from the shift register 
111. 

An exclusive OR operation on the initial 8-bit scram- 
ble value SK and the first 8-bit main data of the scram- 
bled data 104 is performed to generate 1-byte original 
data. The next 1 -byte main data is descrambled using 8- 
bri scramble value SK outputted from the shift register 
1 1 1 after receiving eight pulses of the clock CK. 

Since the conventional scramble pattern generator 
110 acquires an 8-btt scramble value SK from the shift 
register 1 1 1 in accordance with the transfer rate of main 
data, it requires a clock CK the frequency of which is 
eight times the transfer rate of main data. When the 
transfer rate of main data is set to 10 Mbytes/sec. for 
example, the scramble pattern generator 1 10 needs a 
clock CK that has a frequency of 80 megahertz (MHz). 
The high frequency of the clock CK stands in the way of 
improving the transfer rate of main data and fast data 
processing. 

The last data of the data sector 105, or the 2048th 
byte, is descrambled by using an 8-bit scramble pattern, 
which has been generated by the input of 2047 x 8 clock 
pulses to the shift register 111. In other words, the 
2048th byte is acquired only after 2047 x 8 clock pulses 
are input to the shift register 111. Furthermore, when 
the shift register 111 inputs 1023 x 8 clock pulses, 
descrambling 1024-byte data is obtained using a corre- 
sponding 8-bit scramble pattern. It is therefore not pos- 
sible to acquire the desired original byte data 
immediately after the descrambling operation is initi- 



20 



25 



30 



35 



40 



45 



50 



BNSDOCID: <EP 0843445 A2 J _> 



3 



EP 0 843 445 A2 



4 



ated. This obstructs fast data processing. 

Broadly speaking, the present invention relates to a 
descrambling method and a scramble pattern generator 
suitable for improving the data transfer rate and fast 
data processing. The present invention can be imple- s 
mented in numerous ways including an apparatus and a 
method. 

In one aspect of the invention, a method is 
described that generates original data by descrambling 
scrambled data using predetermined scramble pat- io 
terns. The scrambled data is separated into a plurality of 
data groups each including plural pieces of scrambled 
unit data. Initial scramble patterns are respectively 
assigned to the data groups. The method includes the 
steps of: (a) preparing an initial scramble pattern 75 
assigned to a specific data group; (b) generating a first 
scramble pattern by one clock cycle using the prepared 
initial scramble pattern; (c) preparing one of the scram- 
bled unit data pieces in the specific data group; and (d) 
performing a descrambling operation using the first 20 
scramble pattern and the prepared one scrambled unit 
data piece to produce an original data piece. 

In another aspect of the invention, a method is 
described that generates original data by descrambling 
scrambled data using predetermined scramble pat- 25 
terns. The scrambled data is separated into a plurality of 
data groups each including plural pieces of scrambled 
unit data including first and second scrambled unit data. 
Initial scramble patterns are respectively assigned to 
the data groups. The method includes the steps of: (a) 30 
preparing an initial scramble pattern assigned to a spe- 
cific data group; (b) generating a first plurality of scram- 
ble patterns including first and second scramble 
patterns by one clock cycle using the prepared initial 
scramble pattern; (c) preparing plural pieces of scram- 35 
bled unit data including first and second ones of the 
scrambled unit data pieces in the specific data group; 
and (d) performing a first plurality of descrambling oper- 
ations including first and second descrambling opera- 
tions to simultaneously produce plural pieces of original *o 
data including first and second original data pieces. The 
first descrambling operation is performed using the first 
scramble pattern and the first scrambled unit data piece 
to produce the first original data piece. The second 
descrambling operation is performed using the second 45 
scramble pattern and the second scrambled unit data 
piece to produce the second original data piece. 

In a further aspect of the invention, a method is 
described that generates original data by descrambling 
scrambled data using predetermined scramble pat- so 
terns. The scrambled data is separated into a plurality of 
data groups each including plural pieces of scrambled 
unit data. A position for each of the pieces of scrambled 
unit data in one data group is defined. A plurality of ini- 
tial scramble patterns are respectively assigned to pre- ss 
determined selected positions in one data group. The 
method includes the steps of: (a) specifying a first posi- 
tion for one scrambled unit data in a data group, the first 



position being a position at which descrambling one 
scrambled unit data piece should be started; (b) select- 
ing one initial scramble pattern, associated with the 
specified first position, in the plurality of initial scramble 
patterns; (c) generating a first scramble pattern using 
the selected one initial scramble pattern; (d) preparing 
one scrambled unit data piece corresponding to the 
specified first position; and (e) performing a descram- 
bling operation using the first scramble pattern and the 
prepared one scrambled unit data piece to produce an 
original data piece. 

In a further aspect of the invention, a circuit is 
described that generates scramble patterns used in 
descrambling scrambled data. The scrambled data is 
separated into a plurality of data groups. Initial scramble 
patterns are respectively assigned to the data groups. 
The circuit includes: a plurality of registers for receiving 
an initial scramble pattern assigned to a specific data 
group and for temporarily holding the initial scramble 
pattern to output the initial scramble pattern as a first 
scramble pattern; a first logic circuit, coupled to the plu- 
rality of registers, for receiving the first scramble pattern 
to generate a second scramble pattern and for providing 
the second scramble pattern to the plurality of registers. 
The plurality of registers selectively receives one of the 
initial scramble pattern and second scramble pattern 
and outputs a selected pattern as the first scramble pat- 
tern. 

In another aspect, a disk apparatus includes: the 
above-defined circuit for generating scramble patterns; 
a data processing apparatus for providing the initial 
scramble pattern and the scrambled data to the circuit; 
and a descramble circuit, coupled to the data process- 
ing apparatus and the plurality of registers of the circuit, 
for receiving the scrambled data and the first scramble 
pattern and for performing a descrambling operation 
using the scrambled data and the first scramble pattern 
to produce original data. 

Reference is made, by way of example, to the 
accompanying drawings in which: 

Figure 1 is a flow diagram of a typical data demod- 
ulating process in a read-only DVD drive; 
Figure 2 shows the format of a data sector on a 
DVD; 

Figure 3 is a circuit diagram showing a conventional 
scramble pattern generator which is used to 
descramble scrambled data; 
Figure 4 shows an initial scramble pattern to be 
supplied to the scramble pattern generator in Fig- 
ure 3; 

Figure 5 is a schematic block diagram illustrating a 
DVD drive according to a first embodiment of the 
invention; 

Figure 6 is a block diagram of a data reproducing 
circuit according to the first embodiment, which is 
installed in the DVD drive in Figure 5; 
Figure 7 is a block diagram of a data reproducing 
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circuit according to a second embodiment of the 
invention; 

Figure 8 is a block diagram of a data reproducing 
circuit according to a third embodiment of the inven- 
tion; and 

Figure 9 shows an initial scramble pattern used in 
the data reproducing circuit according to the third 
embodiment of the invention. 

A DVD drive accord ng to a first embodiment of the 
present invention will now be described referring to the 
accompanying drawings. As shown in Figure 5, a DVD 
drive 1 0 comprises a DVD controller 1 1 , a microproces- 
sor unit (MPU) 12, a semiconductor memory 13 includ- 
ing a DRAM or SRAM, and a disk drive 15. The disk 
drive 15 reads data recorded on a disk 100 and per- 
forms EFM Plus demodulation on the read data to yield 
recorded sector data 101 . The recorded sector data 101 
is supplied to the DVD controller 1 1 . The DVD controller 
11 is configured to perform predetermined data 
processing on the recorded sector data 101 and to store 
processed data into the semiconductor memory 13 in 
accordance with a control signal from the MPU 12. 

The DVD controller 1 1 is connected between the 
disk drive 15 and an external computer 19 and includes 
a data processor 16. a data reproducing circuit 17 and a 
transfer controller 18 all connected to the MPU 12. 

In accordance with a control signal from the MPU 
12, the data processor 16 groups sixteen pieces of sec- 
tor data 102. sixteen first error correction codes PI and 
sixteen second error correction codes PO in the record- 
ing order, yielding ECC-affixed data 103 (see Figure 1). 
In accordance with another control signal from the MPU 
12, the data processor 16 executes error correction of 
one block sector data 102 using the first and second 
error correction codes PI and PO in the ECC-affixed 
data 103, producing sixteen pieces of scrambled data 
104. 

In accordance with a control signal from the MPU 
12, the data reproducing circuit 17 performs an exclu- 
sive OR operation on the scrambled data 104, gener- 
ated by the data processor 16, and a scramble pattern 
to form a data sector 105 and supplies the data sector 
105 to the semiconductor memory 13. According to the 
first embodiment, the main data of the scrambled data 

1 04 is transferred to the data reproducing circuit 1 7 in a 
byte by byte manner every time one pulse of a clock CK 
is input. 

In accordance with a control signal from the MPU 
12, the transfer controller 18 receives the data sector 

1 05 read from the semiconductor memory 1 3 and trans- 
fers it to the computer 1 9. 

As shown in Figure 6, the data reproducing circuit 
17 includes a scramble pattern generator 21 and a 
descrambler 22. The scramble pattern generator 21 
generates a scramble pattern for use in descrambling 
the scrambled data 104. The descrambler 22 descram- 
bles main data using the generated scramble pattern. 



The scramble pattern generator 21 includes a 
selector 25. fifteen data flip-flops (DFFs) 26A to 260 
and a logic circuit 27. The logic circuit 27 includes eight 
EOR gates 27A to 27H. 

5 The selector 25 receives an initial scramble pattern 
(bits b14-b0). supplied from the data processor 16, and 
a new scramble pattern (bits b14'-b0') which is gener- 
ated by the scramble pattern generator 21. The initial 
scramble pattern is produced by the data processor 16 

io based on an ID value, which is specified by the bits b7- 
b4 assigned to the sector number field of an identifica- 
tion data ID (see Figure 2). 

The selector 25 further receives a select signal SL 
from the MPU 12 and selects either the initial scramble 

75 pattern or a new scramble pattern in accordance with 
the level of the select signal SL to output the selected 
pattern. According to the first embodiment the select 
signal SL having a low (L) level is output in the first 
descrambling operation, and the select signal SL having 

20 a high (H) level is output in the second descrambling 
operation or any subsequent descrambling operation. 
The selector 25 selects the initial scramble pattern in 
response to the L-level select signal SL and selects a 
new scramble pattern in response to the H-level select 

25 signal SL. 

The DFFs 26A-260 respectively latch patterns (bits 
b14-b0 or bits bl^-bOl output from the selector 25 in 
synchronism with the pulse of the clock CK. The eight 
DFFs 26H-260 latch an 8-bit scramble value SK (bits 

30 b7-b0 or bits b7'-b0*) and supply the value to the 
descrambler 22. The output bits b6-b0 or b6'-b0* of the 
seven DFFs 261-260 are output as bits bU'-bS* of a 
new scramble pattern from the scramble pattern gener- 
ator 21. 

35 The EOR gate 27A performs an exclusive OR oper- 
ation on the output bit b14 or b14' of the DFF 26A and 
the output bit b10 or b10' of the DFF 26E and outputs 
the bit b7' of the new scramble pattern. The EOR gate 
27B performs an exclusive OR operation on the output 

40 bit bl 3 or bl3* of the DFF 26B and the output bit b9 or 
b9' of the DFF 26F and outputs the bit b6' of the new 
scramble pattern. The EOR gate 27C performs an 
exclusive OR operation on the output bit b12 or b12' of 
the DFF 26C and the output bit b8 or b8* of the DFF 26G 

45 and outputs the bit b5* of the new scramble pattern. The 
EOR gate 27D performs an exclusive OR operation on 
the output bit b1 1 or b1 1 * of the DFF 26D and the output 
bit b7 or bT of the DFF 26H and outputs the bit b4* of the 
new scramble pattern. The EOR gate 27E performs an 

so exclusive OR operation on the output bit b10 or b10' of 
the DFF 26E and the output bit b6 or b6* of the DFF 26I 
and outputs the bit b3' of the new scramble pattern. The 
EOR gate 27F performs an exclusive OR operation on 
the output bit b9 or b9' of the DFF 26F and the output bit 

55 b5 or b5' of the DFF 26J and outputs the bit b2* of the 
new scramble pattern. The EOR gate 27G performs an 
exclusive OR operation on the output bit b8 or b8' of the 
DFF 26G and the output bit b4 or b4' of the DFF 26K 
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and outputs the bit b1 ' of the new scramble pattern. The 
EOR gate 27H performs an exclusive OR operation on 
the output bit b7 or bT of the DFF 26H and the output bit 
b3 or b3* of the DFF 26L and outputs the bit bO* of the 
new scramble pattern. s 

With the above structure, the scramble pattern gen- 
erator 21 outputs the bits b7-b0 of the initial scramble 
pattern as an 8-bit scramble value SK in the first 
descrambling operation. In the second and subsequent 
descrambling operations, the scramble pattern genera- 10 
tor 21 outputs the bits b7'-b0' of a new scramble pattern 
as an 8-bit scramble value SK. 

The following Table 1 shows the bits b14-b0' of a 
new scramble pattern, which has been generated using 
the bits b1 4-bO in the above-discussed manner:- 75 



Table 1 



bi4* 


= b6 


b13* 


= b5 


b12' 


= b4 


b1V 


= b3 


b10' 


= b2 


b9* 


= b1 


b8' 


= bO 


bT 


= b14 A b10 


be- 


= b13 A b9 


tas* 


= b12 A b8 


b4' 


= b11 A b7 


b3' 


= b10 A b6 


bZ 


= b9 A b5 


bV 


= b8 A b4 


bO' 


= b7 A b3 


( A : exclusive OR) 



30 



As described above, the scramble pattern genera- 
tor 21 generates an 8-bit scramble value SK to 45 
descramble 1-byte main data every time a single clock 
pulse is input. The conventional scramble pattern gen- 
erator 21 , which has the feedback type shift register 
111, generates an 8-bit scramble value SK every time 
eight clock pulses are input. The scramble pattern gen- so 
erator 21 according to the first embodiment therefore 
generates an 8-bit scramble pattern faster than the con- 
ventional one. Further, the speed of generating an 8-bit 
scramble pattern becomes substantially equal to the 
transfer rate of main data. Consequently, a scramble ss 
pattern generator is provided suitable for improving the 
data transfer rate and fast data processing. 

The descrambler 22 includes eight EOR gates 28 



(only one shown in Figure 6). The individual EOR gates 
28 receive the respective bits of the 8-brt scramble value 
SK (the output bits of the DFFs 26H-26A) from the 
scramble pattern generator 21 and receive the respec- 
tive bits of 1 -byte main data from the data processor 16. 
Each EOR gate 28 performs an exclusive OR operation 
on each bit on the scramble value SK and the associ- 
ated bit of the main data to produce original data. 

The operation of the DVD drive 10 will now be dis- 
cussed. Data read from the disk 1 00 by the disk drive 1 5 
is subjected to EFM Plus demodulation, yielding 
recorded sector data 101 (see Figure 1). The recorded 
sector data 1 01 is supplied to the DVD controller 1 1 . 

In accordance with another control signal from the 
MPU 12, the data processor 16 produces the ECC- 
affixed data 103 from the recorded sector data 101 . The 
data processor 16 also performs error correction of 
each block sector data 102 using the first and second 
error correction codes PI and PO included in the ECC- 
affixed data 103, producing the scrambled data 104. 

In the first descrambling operation, the selector 25 
selects the initial scramble pattern in response to the L- 
levei select signal SL. At this time, the initial scramble 
pattern "0001(h)" generated based on the ID value 
"0(h)" of the bits b7-b4 in the sector number field is 
selected for the first block. 

The DFFs 26A-260 latch the initial scramble pat- 
tern (bits b14-b0) from the selector 25 in response to 
the first clock pulse. The eight DFFs 26H-260 send an 
8-bit scramble value SK "00000001(2)" to the descram- 
bler 22. The outputs of the seven DFFs 26I-260 are 
sent out from the scramble pattern generator 21 as the 
bits b1 4*-b8* of a new scramble pattern. The EOR gates 
27A-27H output the bits b7'-b0' of the new scramble pat- 
tern. In this case, the logic value of the bits b14'-b0* is 
000000100000000(2) = 0100(h). 

The descrambler 22 performs an exclusive OR 
operation on the 8-bit scramble value SK "00000001 (2)" 
and the 1-byte main data of the scrambled data 104 to 
produce original byte data. 

In the second descrambling operation, the selector 
25 selects a new scramble pattern (bits b14'-b0') in 
response to the H-level select signal SL. The DFFs 26A- 
260 respectively latch the bits b14'-b0' 
"000000100000000(2)" in response to the second clock 
pulse. The eight DFFs 26H-260 outputs the latched 8- 
bit scramble value SK "00000000(2)". The seven DFFs 
26I-260 respectively output the bits b14'-b8' 
"0000000(2)" of the latched new scramble pattern. The 
EOR gates 27A-27H output the bits bT-b0* 
"0000010(2)" of the new scramble pattern. Therefore, 
the logic value of the bits b14'-b0* is 
000000000000010(2) = 0002(h). 

The descrambler 22 performs an exclusive OR 
operation on the 8-bit scramble value SK "00000000(2)" 
and the next 1-byte main data of the scrambled data 
104 to produce original byte data. 

In the third descrambling operation or any subse- 
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quent descrambling operation, the selector 25 selects a 
new scramble pattern in response to the H-level select 
signal SL The DFFs 26A-260, the EOR gates 27A-27H 
and the descrambler 22 perform the same processing 
as done in the second descrambling operation, thereby 
generating the original one sector data 

Then, descrambling of the scrambled data 104 of 
the second and subsequent sectors in the first block is 
executed. The initial scramble pattern used to descram- 
ble data in the first sector is also used to descrambie 
data in the second to sixteenth sectors in the same 
block. After descrambling of the first block is completed, 
an initial scramble pattern "5500(h)" is used to descram- 
bie data in the second block. Likewise, initial scramble 
pattern values as shown in Figure 4 are used in order 
for descrambling data of the third and subsequent 
blocks. 

A second embodiment of the invention will now be 
discussed with reference to the accompanying draw- 
ings. To avoid redundancy, like or same reference 
numerals are given to those components that are like or 
the same as the corresponding components of the first 
embodiment. 

In the second embodiment, the scrambled data 104 
is transferred in units of two bytes. Every time one pulse 
of the clock CK is input, therefore, the data processor 1 6 
transfers upper 1-byte data and lower 1-byte data to a 
data reproducing circuit 30. 

As shown in Figure 7, the data reproducing circuit 
30 according to the second embodiment includes a 
scramble pattern generator 31 and a descrambler 32. 
The scramble pattern generator 31 generates a pair of 
scramble patterns, which are used to descrambie 2-byte 
main data of the scrambled data 104. The descrambler 
32 descrambles the 2-byte main data using the pair of 
scramble patterns. 

The scramble pattern generator 31 includes a 
selector 33, fifteen data DFFs 26A to 260, a first logic 
circuit 27 and a second logic circuit 35. The first logic 
circuit 27 includes eight EOR gates 27A to 27H. The 
second logic circuit 35, like the first logic circuit 27, 
includes eight EOR gates. 

The selector 33 selects the initial scramble pattern 
in response to the L-level select signal SL in the first 
descrambling operation. In the second or any subse- 
quent descrambling operation, the selector 33 selects a 
new scramble pattern (bits b14"-b0") in response to the 
H-level select signal SL. 

The eight DFFs 26H-260 latch the bits b7-b0 or 
b7"-b0" in response to the pulse of the clock CK and 
supplies those bits to the descrambler 32 as an 8-bit 
scramble value SK1 for descrambling the upper 1 -byte 
data. The EOR gates 27A-27H receive bit values from 
the associated DFFs and send an 8-bit scramble value 
SK2 (bits b7*-b0') to the descrambler 32 for descram- 
bling the lower 1-byte data. 

The output bits b6-b0 or b6"-b0" of the seven DFFs 
26I-260 are supplied as the bits b14'-b8* to the second 



logic circuit 35. Further, the output bits b7'-b3' of the five 
EOR gates 27A-27E are supplied to the second logic 
circuit 35. The second logic circuit 35 receives the bits 
b14*-b3' and outputs the bits b7"-b0" of a new scramble 

5 pattern. The output data b6'-b0' of the seven EOR gates - 
27B-27H are output as the bits b14"-t>8" of the new 
scramble pattern. 

The following Table 2 shows the bits b1 4"-b0" of a 
new scramble pattern, which have been generated 

10 using the bits b14'-b0' in the above-discussed manner. 



Table 2 



25 



b14" 


= b6' 


b13" 


= b5' 


b12" 


= b4' 


b11 M 


= b3' 


b10" 


= b2* 


b9 M 


= bV 


b8" 


= t>0' 


b7" 


= b14' A b10* 


b6" 


= b13' A b9' 


b5" 


= b12* A b8' 


b4" 


= bir A bT 


b3" 


= b10' A b6 i 


b2" 


= b9' A b5' 


br 


= b8' A b4' 


b0" 


= bT A b3* 


( A : exclusive OR) 



As described above, the scramble pattern genera- 
te tor 31 according to the second embodiment generates 
the 8-bit scramble value SK1 for the upper 1-byte data 
and the 8-bit scramble value SK2 for the lower 1-byte 
data every time one pulse of the clock CK is input. This 
embodiment can therefore produce a scramble pattern 
45 faster and can make the transfer rate of main data sub- 
stantially equal to the speed of generating a scramble 
pattern. This ensures a faster transfer rate of scrambled 
data. The second logic circuit 35 may be added in 
accordance with the data transfer in units of three bytes 
so or the like. In this case, the number of bytes to be 
descrambled is changed in accordance with the data 
transfer rate. 

The descrambler 32 includes eight EOR gates 28 
(only one shown in Figure 7) and eight EOR gates 37 
55 (only one shown in Figure 7). The EOR gates 28 receive 
the 8-bit scramble value SK1 (bits b7-b0) output from 
the scramble pattern generator 31 and the upper 1-byte 
data output from the data processor 16. Each of the 
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EOR gates 28 then performs an exclusive OR operation 
on the received data to generate original upper 1-byte 
data. The EOR gates 37 receive the 8-bit scramble 
value SK2 (bits b7'-b0') output from the scramble pat- 
tern generator 31 and the lower 1-byte data output from $ 
the data processor 16. Each of the EOR gates 37 then 
performs an exclusive OR operation on the received 
data to generate original lower 1-byte data. 

The operation of the data reproducing circuit 30 will 
now be discussed. In the first descrambling operation, w 
the selector 33 selects the initial scramble pattern in 
response to the L-level select signal SL. The DFFs 26A- 
260 respectively latch the bits bl4-b0 of the initial 
scramble pattern in response to the first clock pulse. 
The output data of the eight DFFs 26H-260 are sup- is 
plied to the descrambler 32 as the 8-bit scramble value 
SK1 . The EOR gates 27A-27H receive the output data 
from the associated DFFs 26A-26L and supply the 8-bit 
scramble value SK2 to the descrambler 32. 

The EOR gates 28 in the descrambler 32 receive 20 
the respective bits of the scramble value SKI and the 
respective bits of the upper 1 -byte of scrambled data 
and each performs an exclusive OR operation on the 
received bits to generate original upper 1 -byte data The 
EOR gates 37 in the descrambler 32 receive the r espec- 25 
tive bits of the scramble value SK2 and the respective 
bits of the lower 1-byte of scrambled data and each per- 
forms an exclusive OR operation on the received bits to 
generate original lower 1-byte data. 

The output data of the seven EOR gates 27B-27H 30 
are output as the bits b14"-b8" of a new scramble pat- 
tern. The second logic circuit 35 receives the output bits 
b14*-b8' from the seven DFFs 261-260 and the output 
bits bT-b3* from the five EOR gates 27A-27E and gen- 
erates the bits b7 M -bO" of the new scramble pattern, in 35 
the second descrambling operation, the selector 33 

selects the new scramble pattern (bits bl4"-b0") in 
response to the H-level select signal SL The DFFs 26A- 
260 respectively latch the bits bl4"-b0" in response to 
the next clock pulse. The descrambler 32 receives the 40 
output data of the eight DFFs 26H-260 as the 8-bit 
scramble value SKI and also receives the 8-bit scram- 
ble value SK2 from the eight EOR gates 27A-27H. The 
descrambler 32 descrambles the 2-byte data using the 
scramble values SK1 and SK2 to generate original 2- 45 
byte data. The six EOR gates 27B-27H output the bits 
b14"-b8" of the new scramble pattern. The second logic 
circuit 35 outputs the bits b7"-b0" of the new scramble 
pattern. 

In the third descrambling operation or any subse- so 
quent descrambling operation, the selector 33, the 
DFFs 26A-260, the EOR gates 27A-27H and the 
descrambler 32 perform the same descrambling of 2- 
byte main data as done in the second descrambling 
operation, thereby generating the original 2-byte data. 55 

A third embodiment of the invention will now be dis- 
cussed with reference to the accompanying drawings. 
To avoid redundancy, like or same reference numerals 



are given to those components that are like or the same 
as the corresponding components of the first embodi- 
ment. 

In the third embodiment, scrambled data 104 is 
transferred in the unit of one byte. Every time one pulse 
of the clock CK is input, therefore, 1-byte main data is 
transferred to a data reproducing circuit 40. 

As shown in Figure 8. the data reproducing circuit 
40 according to the third embodiment includes an initial 
pattern setting circuit 41 , a scramble pattern generator 
21 and a descrambler 22. The initial pattern setting cir- 
cuit 41 is configured to store a plurality of initial scram- 
ble patterns corresponding to a plurality of data 
addresses of individual sectors in each block. The initial 
pattern setting circuit 41 selectively sets the initial 
scramble pattern which corresponds to the data 
address at which descrambling should be started. 

The scramble pattern generator 21 generates an 8- 
brt scramble value using the selected initial scramble 
pattern. The descrambler 22 performs descrambling 
using this 8-bit scramble value and scrambled data at a 
specific address. This scheme therefore shortens the 
time for generating a scramble pattern for the scrambled 
data that is located at an arbitrary data address. In other 
words, it is possible to acquire original data from the 
scrambled data located at an arbitrary data address. 
This is effective in accomplishing fast data processing. 

Figure 9 presents a table shewing initial scramble 
patterns according to the third embodiment. Four initial 
scramble patterns a1 to a4 are set for the ID values of 
the bits b7-b4, which are assigned to the sector number 
field in one block The four initial scramble patterns a1 - 
a4 correspond to four addresses of a data sector. The 
address of main data of the first byte in the data sector 
is expressed by "0000". The other three addresses are 
given by offset values with the address "OOOO" taken as 
a reference. 

In the third embodiment, ID values are separated 
into first and second groups. The first group consists of 
an ID value of 0(h), ID value of 2(h), ID value of 4(h), ID 
value of 6(h) t ID value of 8(h), ID value of A(h), ID value 
of C(h), and ID value of E(h). The second group con- 
sists of an ID value of 1(h), ID value of 3(h), ID value of 
5(h), ID value of 7(h), ID value of 9(h), ID value of B(h), 
ID value of D(h), and ID value of F(h). 

The ID value of 0(h) and ID value of 2(h) in the first 
group have the following relationship. The initial scram- 
ble pattern a1 (0001(h)) is "00000000000000 1(2)". The 
bits b13-b0 are shifted one bit upward, and a logic value 
generated by an exclusive OR operation on the bit b14 
(0) and the bit b1 0 (0) is set in the bit bO, thus generating 
000000000000010(2) = 0002(h). This value is equal to 
the initial scramble pattern a1 (0002(h)) corresponding 
to the ID value of 2(h). 

In the same manner as discussed above. 67F8(h), 
7FE0(h) and 2A81(h) are produced respectively from 
the initial scramble patterns <z2 (33FC(h)), a3 (7FF0(h)) 
and <x4 (1540(h)). Those values are respectively equal 
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to the initial scramble patterns a2, a3 and a4 corre- 
sponding to the ID value of 2(h). 

The ID value of 2(h) and ID value of 4(h). the ID 
value of 4(h) and ID value of 6(h), the ID value of 6(h) 
and ID value of 8(h), the ID value of 8(h) and ID value of 
A(h), the ID value of A(h) and ID value of C(h), and the 
ID value of C(h) and ID value of E(h), based on the initial 
scramble patterns a1-a4, have similar relationships. 

In the second group, 2A00(h), 67F0(h), 6000(h) 
and 5501(h) are produced respectively from the initial 
scramble patterns al (5500(h)), ct2 (33F8(h)), a3 
(3000(h)) and a4 (6A80(h)), in the same manner as 
done for the first group. Those values are respectively 
equal to the initial scramble patterns a1 to a4 corre- 
sponding to the ID value of 3(h). 

The ID value of 3(h) and ID value of 5(h), the ID 
value of 5(h) and ID value of 7(h), the ID value of 7(h) 
and ID value of 9(h), the ID value of 9(h) and ID value of 
B(h), the ID value of B(h) and ID value of D(h), and the 
ID value of D(h) and ID value of F(h), based on the initial 
scramble patterns a1-a4, have similar relationships. 

Referring again to Figure 8, the initial pattern set- 
ting circuit 41 includes first and second selectors 42 and 
43, and seven shift circuits 44 to 50. The first selector 42 
has eight memory areas. The four initial scramble pat- 
terns 0001(h), 33FC(h), 7FF0(h) and 1540(h) corre- 
sponding to the ID value of 0(h) are respectively stored 
in the four of the eight memory areas. The four initial 
scramble patterns 5500(h), 33F8(h), 3000(h) and 
6A80(h) corresponding to the ID value of 1(h) are 
respectively stored in the remaining four memory areas. 

The first selector 42 receives a group select signal 
SLG from the data processor 16 and an offset select 
signal SLO from the MPU 12. The first selector 42 then 
selects one of the eight initial scramble patterns in 
accordance with the group select signal SLG and the 
offset select signal SLO. The bits b14-b0 of the selected 
initial scramble pattern are output as a first signal group 
M from the first selector 42. 

The group select signal SLG indicates the value of 
the bit b4 assigned to the sector number field. When the 
group select signal SLG is "0", the initial scramble pat- 
terns 0001(h), 33FC(h). 7FF0(h) and 1540(h) corre- 
sponding to the ID value of 0(h) are available selections, 
i.e., candidates to be selected. When the group select 
signal SLG is "1*\ the initial scramble patterns 5500(h), 
33F8(h), 3000(h) and 6A80(h) corresponding to the ID 
value of 1(h) are available selections. 

The offset select signal SLO indicates an offset 
value of a data address. When the offset value of data 
lies in the range of addresses 0000 to 051 1 . available 
selections are the initial scramble patterns 0001(h) and 
5500(h). When the offset value of data lies in the range 
of addresses 0512 to 1023, available selections are the 
initial scramble patterns 33FC(h) and 33F8(h). When 
the offset value of data lies in the range of addresses 
1024 to 1535, available selections are the initial scram- 
ble patterns 7FF0(h) and 3000(h). When the offset 
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value of data lies in the range of addresses 1536 to 
2047, available selections are the initial scramble pat- 
terns 1540(h) and 6A80(h). 

When the group select signal SLG is "0" and the off- 

5 set value of data is the address 0513 in the first 
descrambling operation, the first selector 42 selects and 
outputs the initial scramble pattern 33FC(h) corre- 
sponding to the ID value of 0(h). 

When receiving the initial scramble pattern 33FC(h) 

10 from the first selector 42, the individual shift circuits 44- 
50 supply second to eighth signal groups 12 to 18 
(67F8(h). 4FF0(h), 1FE0(h), 3FC1(h), 7F83(h). 7F06(h) 
and 7E0C(h)) to the second selector 43. In this case, 
the second to eighth signal groups I2-I8 respectively 

75 correspond to the ID value of 2(h), the ID value of 4(h), 
the ID value of 6(h), the ID value of 8(h), the ID value of 
A(h), the ID value of C(h) and the ID value of E(h) in the 
first group. 

The shift circuit 44 includes an EOR gate 44A, 

20 which receives the bits b14 and b10 in the first signal 
group 11 from the first selector 42. The shift circuit 44 is 
configured to perform an exclusive OR operation on 
both bits to supply the second signal group 12 to the sec- 
ond selector 43. The second signal group 12 includes 

25 new bits b14-b1 , obtained by shifting the bits b13-b0 in 
the first signal group 11 upward by one bit. and a new bit 
bO equivalent to the output signal of the EOR gate 44A. 

The shift circuit 45 includes an EOR gate 45A. 
which receives the bits b13 and b9 in the first signal 

30 group 11 . The shift circuit 45 is configured to perform an 
exclusive OR operation on both bits to supply the third 
signal group 13 to the second selector 43. The third sig- 
nal group 13 includes new bits b14-b2, acquired by shift- 
ing the bits b12-b0 in the first signal group 11 upward by 

35 two bits, a new bit b1 equivalent to the output signal of 
the EOR gate 44A, and a new bit bO equivalent to the 
output signal of the EOR gate 45A. 

The shift circuit 46 includes an EOR gate 46A, 
which receives the bits b12 and b8 in the first signal 

40 group II . The shift circuit 46 is configured to perform an 
exclusive OR operation on both bits to supply the fourth 
signal group 14 to the second selector 43. The fourth 
signal group 14 includes new bits b14-b3, acquired by 
shifting the bits b11-b0 in the first signal group 11 

45 upward by three bits, new bits b2 and b1 equivalent to 
the output signals of the EOR gates 44A and 45A, and 
a new bit bO equivalent to the output signal of the EOR 
gate 46A. 

The shift circuit 47 includes an EOR gate 47A, 
so which receives the bits b1 1 and b7 in the first signal 
group 11 . The shift circuit 47 is configured to perform an 
exclusive OR operation on both bits to supply the fifth 
signal group 15 to the second selector 43. The fifth sig- 
nal group 15 includes new bits b14-b4. acquired by shift - 
55 ing the bits b10-b0 in the first signal group 11 upward by 
four bits, new bits b3, b2 and b1 equivalent to the output 
signals of the EOR gates 44A, 45A and 46A, and a new 
bit bO equivalent to the output signal of the EOR gate 
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47A. 

The shift circuit 48 includes an EOR gate 48A, 
which receives the bits b10 and b6 in the first signal 
group 11 . The shift circuit 48 is configured to perform an 
exclusive OR operation on both bits to supply the sixth s 
signal group 16 to the second selector 43. The sixth sig- 
nal group 16 includes new bits b14-b5 f acquired by shift- 
ing the bits b9-b0 in the first signal group 11 upward by 
five bits, new bits b4, b3, b2 and b1 equivalent to the 
output signals of the EOR gates 44A, 45A, 46A and io 
47 A, and a new bit bO equivalent to the output signal of 
the EOR gate48A. 

The shift circuit 49 includes an EOR gate 49A ( 
which receives the bits b9 and b5 in the first signal 
group 11 . The shift circuit 49 is configured to perform an 75 
exclusive OR operation on both bits to supply the sev- 
enth signal group 17 to the second selector 43. The sev- 
enth signal group 17 includes new bits b14-b6, acquired 
by shifting the bits b8-b0 in the first signal group 11 
upward by sixth bits, new bits b5, b4, b3, b2 and b1 20 
equivalent to the output signals of the EOR gates 44A, 
45A, 46A, 47A and 48A. and a new bit bO equivalent to 
the output signal of the EOR gate 49A. 

The shift circuit 50 includes an EOR gate 50A, 
which receives the bits b8 and b4 in the first signal 25 
group 11. The shift circuit 50 is configured to perform an 
exclusive OR operation on both bits to supply the eighth 
signal group 18 to the second selector 43. The eighth 
signal groip 18 includes new bits bl4-b7, acquired by 
shifting the bits b7-b0 in the first signal group 11 upward 30 
by seven bits, new bits b6, b5, b4, b3, b2 and b1 equiv- 
alent to the output signals of the EOR gates 44A, 45A, 
46A, 47 A, 48A and 49A ? and a new bit bO equivalent to 
the output signal of the EOR gate 50A. 

The second selector receives the first to eighth sig- 35 
nal groups 11 to 18 and selects one of them in accord- 
ance with a signal group select signal SLID of 3-bits 
supplied from the data processor 16. The selected sig- 
nal group is supplied to the scramble pattern generator 
21 . The signal group select signal SLID is a 3-bit signal 40 
for the bits b7-b5 assigned to the sector number field. 

The following Table 3 shows the correlation 
between the first to eighth signal groups 11-18 and eight 
signal group select signals SLID as combinations of 
three bits. 45 



Table 3 



SLID 


Signal group to be 
selected 


b7 


b6 


b5 




0 


0 


0 


11 


0 


0 


1 


12 


0 


1 


0 


13 


0 


1 


1 
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Table 3 (continued) 



SLID 


Signal group to be 
selected 


b7 


b6 


b5 




1 


0 


0 


15 


1 


0 


1 


16 


1 


1 


0 


17 


1 


1 


1 
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At the descrambling time, when the offset value of 
scrambled data that corresponds to the ID value of 0(h) 
is at the address 0513, the first selector 42 selects the 
initial scramble pattern 33FC(h). At this time, the signal 
group select signal SLID is "000" based on the ID value 
of 0(h). The second selector 43 selects the first signal 
group 11 (33FC(h)) according to the signal group select 
signal SLID of "000". 

The scramble pattern generator 21 receives the 
selected signal group from the second selector 43 as 
the initial scramble pattern and produces an 8-bit 
scramble value. To descramble scrambled data located 
at the address 0513 corresponding to the ID value of 
0(h), for example, the initial scramble pattern "33FC(h)" 
is selected. The scramble pattern generator 21 gener- 
ates an 8-bit scramble value in response to the second 
pulse of the clock CK. This is because data to be 
descrambled first is located at the address 0513. which 
is greater by one than the address 0512 corresponding 
to the initial scramble pattern M 33FC(h)". The descram- 
bler 22 receives an 8-bit scramble value and scrambled 
data at the address 0513 and descrambles it to produce 
original data. 

Although several embodiments of the present 
invention have been described herein, it should be 
apparent to those skilled in the art that the present 
invention may be embodied in many other specific 
forms. Particularly, it should be understood that the 
invention may be embodied in a scramble pattern gen- 
erator used in an apparatus for writing data on a disk to 
scramble data to be written. Therefore, the present 
examples and embodiments are to be considered as 
illustrative and not restrictive. 

Claims 

1. A method of generating original data by descram- 
bling scrambled data using predetermined scram- 
ble patterns, said scrambled data being separated 
into a plurality of data groups each including plural 
pieces of scrambled unit data, wherein initial 
scramble patterns are respectively assigned to said 
data groups, said method being characterized by 
the steps of: 

(a) preparing an initial scramble pattern 
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assigned to a specific data group; 

(b) generating a first scramble pattern by one 
clock cycle using said prepared initial scramble 
pattern; 

(c) preparing one of said scrambled unit data s 
pieces in said specific data group; and 

(d) performing a descrambling operation using 
said first scramble pattern and said prepared 
one scrambled unit data piece to produce an 
original data piece. 10 

2. The method according to claim 1 , characterized in 
that said step (d) includes a step of performing an 
exclusive OR operation on said first scramble pat- 
tern and said prepared one scrambled unit data is 
piece to produce an original data piece. 

3. The method according to claim 1 or 2. character- 
ized in that each of said plural pieces of scrambled 
unit data is transferred in a unit of one byte for each so 
clock cycle. 

4. The method according to one of the preceding 
claims , characterized in that the method further 
comprises the steps of: 25 

(e) generating a second scramble pattern by a 
next one clock cycle using said first scramble 
pattern; 

(f) preparing a next one scrambled unit data 30 
piece following said prepared one scrambled 
unit data piece in said specific data group; and 

(g) performing a descrambling operation using 
said second scramble pattern and said next 
one scrambled unit data piece to produce a 35 
next original data piece. 

5. The method according to claim 4, characterized in 
that said step (g) includes a step of performing an 
exclusive OR operation on said second scramble 40 
pattern and said next one scrambled unit data piece 

to produce a next original data piece. 

6. The method according to claim 4 or 5, character- 
ized in that each of said plural pieces of scrambled 4S 
unit data is transferred in a unit of one byte for each 
clock cycle. 

7. A method of generating original data by descram- 
bling scrambled data using predetermined scram- so 
ble patterns, said scrambled data being separated 
into a plurality of data groups each including plural 
pieces of scrambled one-byte data, which are trans- 
ferable in units of one byte for each clock cycle, 
wherein initial scramble patterns are respectively 55 
assigned to said data groups, said method being 
characterized by the steps of: 



(a) preparing an initial scramble pattern 
assigned to a specific data group; 

(b) generating a first scramble pattern by one 
clock cycle using said prepared initial scramble 
pattern; 

(c) preparing a scrambled one-byte piece of 
data in said specific data group; and 

(d) performing an exclusive OR operation on 
said first scramble pattern and said prepared 
scrambled one-byte data piece to produce an 
original one-byte data piece by one clock cycle. 

8. Trie method according to claim 7, characterized in 
that the method further comprising the steps of: 

(e) generating a second scramble pattern by a 
next one dock cycle using said first scramble 
pattern; 

(f) preparing a next scrambled one-byte data 
piece following said prepared scr amb led one- 
byte data piece in said specific data group; and 

(g) performing an exclusive OR operation on 
said second scramble pattern and said next 
scrambled one-byte data piece to produce a 
next original one-byte data piece by one clock 
cycle. 

9. A method of generating original data by descram- 
bling scrambled data using predetermined scram- 
ble patterns, said scrambled data being separated 
into to a plurality of data groups each including plu- 
ral pieces of scrambled unit data including first and 
second scrambled unit data, wherein initial scram- 
ble patterns are respectively assigned to said data 
groups, said method being characterized by the 
steps of: 

(a) preparing an initial scramble pattern 
assigned to a specific data group; 

(b) generating a first plurality of scramble pat- 
terns including first and second scramble pat- 
terns by one clock cycle using said prepared 
initial scramble pattern; 

(c) preparing plural pieces of scrambled unit 
data including first and second ones of said 
scrambled unit data pieces in said specific data 
group; and 

(d) performing a first plurality of descrambling 
operations including first and second descram- 
bling operations to simultaneously produce plu- 
ral pieces of original data including first and 
second original data pieces, 

wherein said first descrambling opera- 
tion is performed using said first scramble pat- 
tern and said first scrambled unit data piece to 
produce said first original data piece, and 
wherein said second descrambling operation is 
performed using said second scramble pattern 
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and said second scrambled unit data piece to 
produce said second original data piece. 

10. The method according to claim 9 t characterized in 
that said step (d) includes a step of performing a s 
first plurality of exclusive OR operations including 
first and second exclusive OR operations to simul- 
taneously produce the original data pieces includ- 
ing first and second original data pieces. 

wherein said first exclusive OR operation is 10 
performed using said first scramble pattern and 
said first scrambled unit data piece to produce first 
original data piece, and wherein said second exclu- 
sive OR operation is performed using said second 
scramble pattern and said second scrambled unit is 
data piece to produce second original data piece. 

11. The method according to claim 9 or 10, character- 
ized in that each of said plural pieces of scrambled 
unit data is transferred in a unit of two bytes for 20 
each clock cycle. 

12. The method according to one of the preceding 
claims, characterized in that the method further 
comprises the steps of: 25 

(e) generating a second plurality of scramble 
patterns including third and fourth scramble 
patterns by a next one clock cycle using said 
first plurality of scramble patterns including first 30 
and second scramble patterns; 

(f) preparing next plural pieces of scrambled 
unit data including third and fourth scrambled 
unit data pieces in said specific data group; and 

(g) performing a second plurality of descram- 35 
bling operations including third and fourth 
descrambling operations to simultaneously 
produce plural pieces of original data including 
third and fourth original data pieces, 

wherein said third descrambling opera- 40 
tion is performed using said third scramble pat- 
tern and said third scrambled unit data piece to 
produce a third original data piece, and 
wherein said fourth descrambling operation is 
performed using said forth scramble pattern 45 
and said fourth scrambled unit data piece to 
produce a fourth original data piece. 

13. The method according to claim 12 f characterized in 
that said step (g) includes a step of performing a so 
second plurality of exclusive OR operations includ- 
ing third and fourth exclusive OR operations to 
simultaneously produce plural pieces of original 
data including third and fourth original data pieces. 

wherein said third exclusive OR operation is ss 
performed using said third scramble pattern and 
said third scrambled unit data piece to produce a 
third original data piece, and wherein said fourth 



exclusive OR operation is performed using said 
fourth scramble pattern and said fourth scrambled 
unit data piece to produce a fourth original data 
piece. 

14. The method according claim 12 or 13, character- 
ized in that each of said plural pieces of scrambled 
unit data is transferred in a unit of two bytes for 
each clock cycle. 

15. A method of generating original data by descram- 
bling scrambled data using predetermined scram- 
ble patterns, said scrambled data being separated 
into a plurality of data groups each including plural 
pieces of scrambled unit data, wherein a position 
for each of said pieces of scrambled unit data in one 
data group is defined, a plurality of initial scramble 
patterns being respectively assigned to predeter- 
mined selected positions in one data group, said 
method being characterized by the steps of: 

(a) specifying a first position for one scrambled 
unit data in a data group, said first position 
being a position at which descrambling one 
scrambled unit data piece should be started; 

(b) selecting one initial scramble pattern, asso- 
ciated with said specified first position, in said 
plurality of initial scramble patterns; 

(c) generating a first scramble pattern using 
said selected one initial scramble pattern; 

(d) preparing one scrambled unit data piece 
corresponding to said specified first position; 
and 

(e) performing a descrambling operation using 
said first scramble pattern and said prepared 
one scrambled unit data piece to produce an 
original data piece. 

16. The method according to claim 15, characterized in 
that said step (e) includes a step of performing an 
exclusive OR operation on said first scramble pat- 
tern and said prepared one scrambled unit data 
piece to produce the original data piece. 

17. The method according to claim 16, wherein said 
plurality of initial scramble patterns include four ini- 
tial scramble patterns, each corresponding to one 
of four positions for four scrambled unit data pieces 
in one data group. 

18. The method according to one of the preceding 
claims, 

characterized in that the method further 
comprises the steps of: 

(f) generating a second scramble pattern using 
said first scramble pattern; 

(g) preparing next one scrambled unit data 
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piece corresponding to a next second position 
following said first position; and 
(h) performing a descrambling operation using 
said second scramble pattern and said pre- 
pared next one scrambled unit data piece to 
produce a next original data piece. 

19. The method according to claim 18, characterized in 
that said step (h) includes a step of performing an 
exclusive OR operation on said second scramble 
pattern and said prepared next one scrambled unit 
data piece to produce the next original data piece. 

20. The method according to claim 15, characterized in 
that each of said pieces of scrambled unit data is 
transferred in units of a predetermined unit of 
number of bytes for each clock cycle. 

wherein said step (c) includes a step of gen- 
erating a first scramble pattern using said selected 
one initial scramble pattern by one clock cycle, and 

wherein said step (e) includes a step of per- 
forming a descrambling operation using said first 
scramble pattern and said prepared one scrambled 
unit data piece to produce original data by one 
clock cycle. 

21. The method according to claim 20. characterized in 
that said step (e) includes a step of performing an 
exclusive OR operation on said first scramble pat- 
tern and said prepared one scrambled unit data 
piece to produce the original data piece by one 
clock cycle. 

22. The method according to one of the preceding 
claims, characterized in that each of said plural 
pieces of scrambled unit data is transferred in units 
of one byte for each clock cycle. 

23. A circuit (21.31) for generating scramble patterns 
used in descrambling scrambled data, said scram- 
bled data being separated into a plurality of data 
groups, initial scramble patterns being respectively 
assigned to said data groups, said circuit being 
characterized by: 

a plurality of registers (26A-260).for receiving 
an initial scramble pattern assigned to a spe- 
cific data group and for temporally holding said 
initial scramble pattern to output said initial 
scramble pattern as a first scramble pattern; 
a first logic circuit (27), coupled to said plurality 
of registers, for receiving said first scramble 
pattern to generate a second scramble pattern 
and for providing said second scramble pattern 
to said plurality of registers, wherein said plu- 
rality of registers selectively receives one of 
said initial scramble pattern and second scram- 
ble pattern and outputs a selected pattern as 



said first scramble pattern. 

24. The circuit according to claim 23, characterized by 
a selector (25), coupled between said plurality of 

5 registers (26A-260) and said first logic circuit (27), 

for receiving said initial scramble pattern to be pro- 
vided to said plurality of registers and for receiving 
said second scramble pattern provided from said 
first logic circuit to selectively provide one of said 

10 initial scramble pattern and said second scramble 
pattern to said plurality of registers in accordance 
with a selection signal. 

25. The circuit according to daim 23 or 24. 

is characterized by a second logic circuit (35), 

coupled to said first logic circuit (27), for receiving 
said second scramble pattern provided from said 
first logic circuit to generate a third scramble pattern 
and for providing said third scramble pattern to said 

so plurality of registers. 

26. The circuit according to claim 25. further compris- 
ing a selector (33), coupled between said plurality 
of registers (26A-260) and said first and second 

25 logic circuits (27, 35). for receiving said initial 
scramble pattern to be provided to said plurality of 
registers, said second scramble pattern provided 
from said first logic circuit and said third scramble 
pattern provided from said second logic circuit to 

30 selectively provide one of said initial scramble pat- 
tern and said second and third scramble patterns in 
accordance with a selection signal. 

27. The circuit according to any of claims 23 to 26, 
35 characterized in that said scrambled data is 

recorded on a recording medium. 

28. A disk apparatus characterized by: 

40 a circuit (21, 31) for generating scramble pat- 

terns according to claim 27; 
a data processing apparatus (16) for providing 
said initial scramble pattern and said scram- 
bled data to said circuit; and 

45 a descramble circuit (22, 32), coupled to said 

data processing apparatus (1 6) and said plural- 
ity of registers (26A-260) of said circuit (21, 
31), for receiving said scrambled data and said 
first scramble pattern and for performing a 

so descrambling operation using said scrambled 

data and said first scramble pattern to produce 
original data. 

29. The disk apparatus according to claim 28, charac- 
55 terized in that said descramble circuit is an exclu- 
sive OR circuit (28, 37). 

30. A circuit (40) for generating scramble patterns used 
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23 

in descrambling scrambled data, said scrambled 
data being separated into a plurality of data groups, 
each including plural pieces of scrambled unit data, 
a position for each of said plural pieces of scram- 
bled unit data in one data group being defined, a 5 
plurality of initial scramble patterns being respec- 
tively assigned to predetermined selected positions 
in one data group, said circuit comprising: 

a first selector (42) for storing a plurality of ini- 10 
tial scramble patterns associated with at least 
one data group arid for selecting one initial 
scramble pattern in response to a signal indic- 
ative of a first position specified for one scram- 
bled unit data in a data group; 15 
a circuit (21), coupled to said first selector (42), 
for generating scramble patterns, said circuit 
including: 

a plurality of registers (26A-260) for 20 
receiving an initial scramble pattern 
selected from said first selector and for 
temporarily holding said initial scramble 
pattern to output said initial scramble pat- 
tern as a first scramble pattern; and 25 
a first logic circuit (27), coupled to said plu- 
rality of registers (26A-260). for receiving 
said first scramble pattern to generate a 
second scramble pattern and for providing 
said second scramble pattern to said plu- 30 
rality of registers, wherein said plurality of 
registers selectively receives one of said 
initial scramble pattern and second scram- 
ble pattern and outputs a selected pattern 
as said first scramble pattern; and 35 

a descramble circuit (22), coupled to said 
scramble pattern generating circuit (21), for 
receiving said scrambled data and said first 
scramble pattern and for performing a 40 
descrambling operation using said scrambled 
data and said first scramble pattern to produce 
original data. 

31 . The circuit according to claim 30, characterized by: 45 



one initial scramble pattern in response to a 
signal indicative of a specific data group. 



a plurality of shift circuits (44-50), coupled to 
said first selector (42), for receiving said 
selected initial scramble pattern and for gener- 
ating a plurality of initial scramble patterns so 
respectively associated with said plurality of 
data groups; and 

a second selector (43), coupled to said first 
selector (42) and said plurality of shift circuits 
(44-50), for receiving said selected initial 55 
scramble pattern from said first selector and 
said plurality of initial scramble patterns from 
said plurality of shift circuits and for selecting 
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